online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(2): 275-278, March 2012 The metacestode of the tapeworm Echinococcus granulosus is responsible for cystic echinococcosis (CE) and can infect humans and several animal species. In Peru, CE is endemic in the central-southern regions of the country, mainly within the cattle-producing areas. The prevalence of human cases of CE in Peru is one of the highest in the world (Moro et al. 2011) . Worldwide, E. granulosus displays intraspecific variations that permit its classification into 10 different strains or genotypes, which are associated with distinct intermediate host species (Bowles et al. 1992 , Bowles & McManus 1993 , Tompson & McManus 2002 , Lavikainen et al. 2003 . A previous study of 21 human cases of CE from Peru demonstrated the predominance of the G1 genotype, the strain common to sheep, with one case of the G6 genotype (Santivañez et al. 2008 ). The G1 genotype was also identified as the only genotype present in isolated from cattle, sheep and humans from endemic regions in Peru (Sanchez et al. 2010) . In another endemic region of Peru, a study reported the presence of the G6 genotype (camel strain) in human and goats, the G7 genotype in pigs and the G1 genotype in sheep, cattle, pigs, goats and humans (Moro et al. 2009 ). The G7 pig strain has also been detected in cases of CE from the less endemic area of Lima, Peru (Moro et al. 2009 ).
The G7 genotype differs from other strains both morphologically and developmentally with regard to the maturation rate, epidemiology and genetics (Eckert & Thompson 1997 , Bowles & McManus 1993 . The presence of this strain has been previously described in pigs and humans in Europe, Russia, South America and Mexico (Kedra et al. 2000 , Turceková et al. 2003 , Haag et al. 2004 , Varcasia et al. 2006 , Villalobos et al. 2007 , Schneider et al. 2010 .
In this paper, we report the genotypes of E. granulosus circulating in alpacas and pigs in endemic regions for CE in Peru (Table) . Alpacas and pigs represent economically important animals with consistent interactions with the local population. Following slaughter in abattoirs, hydatid cysts due to E. granulosus were collected from four alpacas and eight pigs. All of the cysts collected from alpacas were fertile. In pigs, all of the cysts from the lungs were fertile, but only half of the cysts from the liver were fertile (Table) . The high percentage of fertile cysts in alpacas and pigs suggests a higher risk of transmission to other animals and humans in these regions.
Genotypes were determined by analysing two mitochondrial genes, cytochrome C oxidase subunit 1 (CO1) and NADH dehydrogenase subunit 1 (ND1). DNA was isolated from each individual cyst sample according to the manufacturer's instructions (QIAamp DNA Mini Kit-QIAGEN, Germany). Fragments of the CO1 and ND1 genes were polymerase chain reaction (PCR)-amplified (Taq polymerase, Invitrogen). A partial region of the CO1 gene was amplified following a previously described protocol (Sánchez et al. 2010 ). The ND1 region was amplified using a unique primer set designed for this study: EL1F: 5'GTTTTTGGGTTAGTCTCTGG3' and EL1R: 5'ATCATAACGAACACGTGG3'. Briefly, 20 ng of DNA from E. granulosus was used in all reactions. The thermal profile of the PCR ND1 reaction was as follows: denaturation for 3 min at 95ºC, followed by 35 cycles of 30 sec at 95ºC, 30 sec at 55ºC and 45 sec at 72ºC and a final Key words: Echinococcus granulosus -genotype, alpaca -Peru incubation at 72ºC for 7 min in a Gene Amp PCR System 9700 (Applied Biosystems). The PCR amplification of the CO1 and ND1 genes was successful in all isolates and generated products of approximately 450 bp and 800 bp, respectively. The PCR products of the CO1 and ND1 genes were purified and sequenced using the BigDye Terminator v3.1 Cycle sequencing kit (Applied Biosystems) as reported previously (Otto et al. 2008) .
Partial sequences of the CO1 (399 bp) and ND1 (756 bp) genes were successfully obtained for all samples. For strain identification, the sequences were aligned using MEGA5 (megasoftware.net) and compared with the CO1 and ND1 reference sequences of the genotypes of E. granulosus present in GenBank (Fig. 1) . The sequences of the isolates from the four alpacas and four of the pigs showed identity with the G1 genotype for both genes. The sequences of the other four isolates from pigs showed identity with the G7 genotype for both genes. The nucleotide sequence of the CO1 gene revealed that one isolate from an alpaca and three pig isolates had complete identity with the reference sequences of the G1 genotype (accessions U50464, GU233854 and GU233945). The Fig. 1 : nucleotide sequences of partial regions of the cytochrome C oxidase subunit 1 (CO1) (399 bp) and NADH dehydrogenase subunit 1 (ND1) (756 bp) genes for 12 Peruvian isolates of Echinococcus granulosus aligned with reference sequences deposited in GenBank. All sequences from alpaca and four from pigs are referenced to the G1 genotype; other four sequences from pig are referenced to the G7 genotype, for both mitochondrial genes. Deviations from the G1 sequence are displayed as individual nucleotides. The boxed region denotes a base pair that distinguishes the two reference sequences for G1. other three isolates from alpacas and the remaining G1 isolate from pigs showed complete identity with a different reference sequence of G1 (accession M84661). These G1 reference sequences and the isolates exhibit nucleotide polymorphisms at the 57th position (C→T) based on the numbering shown in Fig. 1 . The sequences from this study were submitted to the GenBank database with the accessions JF828330-JF828341 for the CO1 gene and JF828342-JF828353 for the ND1 gene. The analyses of these two mitochondrial marker genes for the E. granulosus isolates confirmed the existence of only the genotype G1 (common sheep strain) in all isolates from the studied alpacas. This is the first report of the G1 genotype of E. granulosus in alpacas from endemic regions of Peru. Two distinct genotypes, G1 and G7 (pig strain), were found among the isolates from pigs. The G1 genotype is the most common strain identified in humans and animals worldwide. In Peru, previous studies have demonstrated a predominance of the G1 genotype (common sheep strain) in humans and in hydatid cysts from sheep, cattle, goats and pigs in endemic regions (Santivañez et al. 2008 , Moro et al. 2009 , Sánchez et al. 2010 . However, the G7 genotype (pig strain) has only been previously identified in pigs from Lima, a city considered to be a low endemic area for E. granulosus (Moro et al. 2009 ). The present study supplemented these findings by examining isolates from pigs collected from Ayacucho, an endemic region for CE in Peru. These findings also show that pigs can be infected by the G1 genotype or the G7 genotype in the region studied, confirming that pigs can be infected by multiple genotypes of E. granulosus (Eckert & Thompson 1997) . The G7 genotype has been previously described in human isolates in several countries around the world. In Peru, no reports describe the presence of genotype G7 in human cases of CE.
A phylogenetic tree of the CO1 and ND1 genotypes was constructed using the Maximum Likelihood algorithm with the Tamura-Nei distance, as the model of evolution (Fig. 2) (Tamura & Nei 1993) . Phylogenetic analysis showed two major clades. One larger clade included eight sequences grouped within the G1 genotype and the other included four sequences clustered with the G7 genotype, for both the CO1 and ND1 genes (Fig. 2) . In addition, the clade grouping the G1 genotypes showed two subgroups: four sequences grouped with one G1 genotype (accession U50646) and other four sequences grouped with another G1 genotype (accession M84661). This grouping shows that there are two groups of G1 genotype strains present in the endemic regions of Peru.
In conclusion, our results indicate that more than one strain of E. granulosus circulates among the intermediate hosts of this parasite in endemic regions of Peru. It was also shown that pigs can be infected by both the G1 and G7 genotypes. Complementary studies will have to be performed to demonstrate the role of the pig strain in human disease in Peru. This knowledge will have important implications for the prevention and control of this zoonosis in Peru. Fig. 2 : phylogenetic tree obtained for Echinococcus granulosus isolates sequences in the present study. The trees were generated using Maximum Likelihood analysis based on an alignment of partial mitochondrial C oxidase subunit 1 (CO1) and NADH dehydrogenase subunit 1 (ND1) genes. The clade G1 genotypes showed Group 1 [4 sequences grouped with G1 genotype (accessions U50646, GU233854 and GU233845)] and Group 2 [4 sequences grouped by G1 genotype (accession M84661)].The numbers at the nodes indicate percentage bootstrap support obtained from 1,000 replications. A sequence from Taenia solium (AB033408 from CO1 and NC_004022 from ND1) was used as an outgroup to root the tree.
